Genistein, a soy phytoestrogen, may improve vascular function, but the mechanism of this effect is unclear. Endothelialderived nitric oxide (NO) is a key regulator of vascular tone and atherogenesis. Previous studies have established that estrogen can act directly on vascular endothelial cells (EC) to enhance NO synthesis through genomic stimulation of endothelial NO synthase (eNOS) expression. However, it is unknown whether genistein has a similar effect. We therefore investigated whether genistein directly regulates NO synthesis in primary human aortic EC (HAEC) and human umbilical vein EC (HUVEC). Genistein, at physiologically achievable concentrations in individuals consuming soy products, enhanced the expression of eNOS and subsequently elevated NO synthesis in both HAEC and HUVEC, with 1-10 mmol/L genistein inducing the maximal effects. However, the effects of genistein on eNOS and NO were not mediated by activation of estrogen signaling or inhibition of tyrosine kinases, 2 known biological actions of genistein. Genistein (1-10 mmol/L) increased eNOS gene expression (1.8-to 2.6-fold of control) and significantly increased eNOS promoter activity of the human eNOS gene in HAEC and HUVEC, suggesting that genistein activates eNOS transcription. Dietary supplementation of genistein to spontaneously hypertensive rats restored aortic eNOS levels, improved aortic wall thickness, and alleviated hypertension, confirming the biological relevance of the in vitro findings. Our data suggest that genistein has direct genomic effects on the vascular wall that are unrelated to its known actions, leading to increased eNOS expression and NO synthesis, thereby improving hypertension.
Introduction
The prevalence of cardiac and other vascular diseases rises in an aging population. The incidence of cardiovascular disease (CVD) 3 is substantially increased in postmenopausal women due to the loss of estrogen. Experimental and clinical data support vascular protective effects of estrogen by various mechanisms (1) . However, administration of estrogen is also associated with an increased incidence of heart disease, which limits its therapeutic potential (2) . In addition, the use of estrogen as a cardioprotective agent is further limited by carcinogenic effects in women and feminizing effects in men (3) . Given the demonstrated risks of conventional estrogen therapy, a search for novel, cost-effective, alternative vasoactive agents for the prevention of CVD is of major importance in the effort to decrease the burden of CVD morbidity.
The soy phytoestrogen genistein has drawn wide attention due to its potential healthy benefits in preventing chronic diseases such as CVD (4, 5) , obesity (6, 7) , and osteoporosis (8) . Epidemiological studies show that genistein intake in American postmenopausal women is inversely associated with CVD risk factors (9, 10) , supporting a beneficial role for genistein administration to aging individuals. Some human intervention studies suggest the beneficial effects of genistein on atherosclerosis (11) , markers of cardiovascular risk (12, 13) , vascular motor tone (14) , vascular endothelial function (15) , and systemic arterial compliance (16) . Data from animals and in vitro studies also suggest a protective role of genistein in cardiovascular events (17, 18) . However, the mechanism of genistein action in vasculature is still not clear, which hinders us from further determining the physiological and pharmacological role of this nutraceutical compound in vascular function. Past studies have extensively explored its hypolipidemic (19) , antioxidative (20, 21) , and estrogenic effects (22) . While genistein may have both estrogen receptors (ER)-dependent and -independent actions in vasculature, its average effect on plasma lipid profile is neutral (23) . Interestingly, recent studies have shown that the beneficial effects of genistein on endothelial function in postmenopausal women and ovariectomized rats can be blocked by N G -monomethyl-L-arginine, the inhibitor of endothelial nitric oxide (NO) synthase (eNOS) (24, 25) . Moreover, genistein restores the NO-mediated vascular relaxation in ovariectomized (26) or chronically hypoxic (27) rats. Furthermore, long-term dietary supplementation of genistein elevates the plasma NO concentrations and reduces the plasma endothelin-1 levels in healthy postmenopausal women (15) . Given the importance of NO in modulating vascular homeostasis, it is tempting to propose that genistein exerts vasculoprotective effects by regulating NO levels.
Previous studies have established a role for estrogen in the vascular endothelial cells (EC) to enhance NO synthesis through genomic stimulation of eNOS expression (28) and by ERmediated, nongenomic eNOS activation (29) . We recently demonstrated that genistein acutely stimulates NO production by phosphorylation of eNOS via the cAMP/protein kinase A cascade in EC (30, 31) . However, it is unknown whether genistein has a similar genomic effect on eNOS. Studies have reported that administration of soy protein improves eNOS expression and subsequently reduces blood pressure in rats (32) . However, other studies demonstrated that the beneficial effect of genistein on endothelial function is not through enhancing eNOS expression (33) . Although genistein has been shown to enhance eNOS promoter activity in a transformed human EC (34), it is not clear whether genistein directly up-regulates eNOS expression in primary EC and thereby reduces blood pressure in vivo. In this study, we tested whether genistein improves eNOS expression and subsequently increases NO synthesis in primary human aortic EC (HAEC) and in spontaneously hypertensive rats (SHR), and whether this is associated with a blood pressure-lowering effect of genistein.
Materials and Methods
Materials. Primary HAEC and endothelial growth factors were purchased from Cambrex Bioscience; primary human umbilical vein endothelial cells (HUVEC) were obtained from the Cardiovascular Research Cell Culture Core at the University of Iowa; competent cells for plasmid multiplication, M199 media, fetal bovine serum (FBS), and other cell culture supplements were obtained from Invitrogen; eNOS and b-actin monoclonal antibodies were purchased from Cell Signaling Technology; the superSignal chemiluminescence detection system was obtained from Pierce; nitrocellulose membranes, SYBR green supermix, and cDNA synthesis and protein assay kits were from Bio-Rad; human eNOS promoter (21193/1109) linked to a firefly luciferase reporter gene was kindly provided by Dr. William Sessa at Yale University; plasmid purification and RNeasy Mini kits were from Qiagen; primers were synthesized by Integrated DNA Technologies; transfection reagents were obtained from Targeting system; dual luciferase reporter assay kits were obtained from Promega; nitrite/nitrate fluorometric assay reagents were purchased from Cayman Chemical; ICI182,780 was from Tocris; genistein and daidzein were purchased from LC Laboratories and Sigma; 17b-estradiol (E2), protease, and phosphatase inhibitor cocktails and other general chemicals were obtained from Sigma. Stock solutions of genistein, daidzein, or E2, at 20 mmol/L in dimethylsulfoxide (DMSO), were stored at 280°C before use.
Cell culture. HAEC were cultured in M199 medium containing 2% FBS and endothelial growth supplements EGM2, and HUVEC were cultured in 20% FBS M199 medium at 37°C in a 5% CO 2 /95% air environment. The medium was changed every other day until the cells became confluent. HAEC and HUVEC were passaged while 0.05% trypsin and passages 4-6 were used in all experiments.
Animals and diets. Four-wk-old male SHR and Wistar-Kyoto rats (WKY) were purchased from Harlan. Rats were housed in a room maintained on a 12-h-light/-dark cycle under constant temperature (22-25°C) and consumed food and water ad libitum. The protocol of this study was reviewed and approved by the Institutional Animal Care and Use Committee at Virginia Polytechnic Institute and State University. After an initial acclimation period, SHR were randomly divided into 6 groups and were fed a basal soy-free AIN-76A diet (35) containing genistein at 0, 0.2, 0.5, or 2.0 g/kg diet for 19 wk. WKY were fed the basal AIN-76A diet for the same period. To determine whether genistein can improve established hypertension, adult SHR with overt hypertension (20 wk old) were randomly divided into 2 groups and fed either 0 or 2.0 g genistein/kg diet until their blood pressure was significantly lowered. Then, both groups of rats were fed the same basal diets for 6 wk.
Plasma genistein measurements. On the last day of the study, blood samples were drawn 30 min after food intake from the retrobulbar plexus through heparinized capillary tubes. Plasma was collected by centrifugation at 16,000 3 g; 15 min. An aliquot of 250 mL serum per sample was used for extraction of genistein using a previously described method (36) . Genistein in the extracted samples was determined by using the HPLC system (Waters2695) with a Luna Phenyl-hexyl column (5 mm C 18 100 R) (36) .
Blood pressure, heart rate, body weight, and food intake measurements. Every other week, rat blood pressure and heart rate were determined after a warming period using the Kent CODA 2 series computerized noninvasive blood pressure system (Kent Scientific) as described (37) . During these measurements, rats were given 0.8% isoflurane anesthesia, which had no effect on blood pressure as determined in our preliminary study. The digital values for the systolic and diastolic blood pressure and heart rate were recorded. Readings were taken for 20 cycles from each rat with the highest and the lowest values excluded. To minimize stress-induced variations in blood pressure, all measurements were taken by the same person in the same peaceful environment. Body weight and feed intake were recorded weekly throughout the study to determine whether genistein has any effect on these parameters.
Measurement of aortic wall thickness. The rats were killed using CO 2 and segments of thoracic aorta were fixed in 10% neutral buffered formalin solution for 24 h. Aorta segments were then embedded in frozen embedding medium, cut into 5-mm sections, and stained with Verhoeff's Van Gieson, which specifically stains elastic tissue fibers. Stained sections were photographed by a computer-operated Olympus BH-2 photomicroscope. The wall thicknesses of aorta were measured using Imagepro plus system (Media Cyberretic). Ten measurements were performed for each sample and the mean value was used as the thickness of the sample. , which then reacted with 2,3-diaminonaphthalene for 10 min to yield the fluorescent product 1(H)-naphthotriazole. Fluorescence was measured in a fluorescence microplate reader (Bio-Tek) with excitation and emission wavelengths of 365 and 450 nm, respectively. Fluorescence data were converted into concentrations based on standard curves constructed with NaNO 3 , normalized to protein concentration of the samples, and then expressed as folds of vehicle-treated controls.
Immunoblot analysis. Following experimental treatments, we harvested EC or aortic vessels from rats in lysis buffer and performed immunoblot analysis as previous described (30, 31) . The tissues were sonicated (EC) or homogenized with a Rotor-stator homogenizer (aorta) and then centrifuged at 10,000 3 g; 5 min. Protein levels of the extracts were measured using a Bio-Rad assay kit. Equal amounts of protein from cell extracts were subjected to immunoblot. Membranes were probed with antibody against eNOS. The immunoreactive proteins were detected by chemiluminescence. Nitrocellulose membranes were stripped and reprobed with b-actin. The protein bands were digitally imaged for densitometric quantitation with a software program (Gene tools, Synoptics). eNOS protein level was normalized to b-actin expression from the same sample.
Quantitative real-time PCR analysis. Total RNA from genistein-or vehicle-treated HAEC was isolated using the RNeasy Mini kit following the manufacturer's protocol. Then, 0.5 mg of total RNA from each sample was reverse transcribed to cDNA using the iScript cDNA synthesis kit. eNOS was amplified on an iCycler IQ real-time quantitative PCR system using iQ SYBR Green supermix with b-actin as an internal control. A melting curve analysis was performed on each sample to verify that no nonspecific products were synthesized. The reaction mixtures contained 100 nmol/L primers, 50 ng cDNA, and 12.5 mL iQ SYBR Green supermix (0.2 mmol/L of each deoxyribonucleotide triphosphate, 25 units/mL iTaq DNA polymerase, SYBR Green I, 10 nmol/L fluorescein, 3 mmol/L MgCl 2 , 50 mmol/L KCl, and 20 mmol/L Tris-HCl) as described previously (38) . The primers used in quantitative real-time RT-PCR were eNOS (forward, 5#-GACATTGAGAG CAAAGGGCTGC-3#; reverse, 5#-CGGCTTGTCACCTCCTGG-3#), and b-actin (forward, 5#-CATGCCAT-CCTGCGTCTGGA-3#; reverse, 3#-CCGTGGCCATCTCTTGCTCG-5#) (39) . The eNOS mRNA level was normalized to that of b-actin and expressed as folds of control.
eNOS promoter activity assay. A reporter plasmid containing a human eNOS promoter (21193/1109) linked to a firefly luciferase reporter gene (eNOS-Luc) was amplified with competent cells and purified using Qiagen's Maxi kit according to the manufacturer's instructions. For transient transfection of the plasmids, EC were grown in 24-well plates until 50-70% confluence. The cells were then cotransfected with 1.2 mg of eNOS-Luc and 0.5 ng of promoter-renilla luciferase (pRL) reporter control plasmid per well using F-1 transfection reagent for 24 h according to the manufacturer's protocol. The transfected cells were then treated with various concentrations of genistein or vehicle in phenol-red free M199 medium containing 2% FBS for 24 h. Treated cells were harvested in reporter lysis reagent. Luciferase activity, normalized to pRL activity in the cell extracts, was determined by using the dual luciferase reporter assay system as described (40) .
Statistical analysis. Data were analyzed with 1-way ANOVA (or 2-way ANOVA where designated) using the SAS program. Data are expressed as means 6 SE. For the time course study, initial values (d1) from vehicletreated cells were set as the control. Treatment and time point differences, as well as interaction between genistein and other agents if significant, were subjected to Tukey's multiple comparison tests, where P , 0.05 was considered significant.
Results
Genistein enhances NO synthesis in HAEC. We first examined whether long-term exposure of genistein stimulates NO synthesis in HAEC. Genistein significantly stimulated NO synthesis following 5 d of incubation (Fig. 1A) . The effect of genistein was concentration dependent, with genistein concentrations of $1 mmol/L inducing significant NO production. The time course study showed that genistein (5 mmol/L)-stimulated NO production significantly increased after 3 d of exposure to genistein, with ;1.1-fold increase at 5 d compared with that at 1 d of incubation with genistein (Fig. 1B) .
Genistein-induced NO production is independent of ER and protein tyrosine kinase. Genistein has weak estrogenic effects in some tissues by binding to ER (41) . In addition, previous studies have shown that E2 also can stimulate NO production in human EC (28) . However, incubation of the cells with excess amounts of the ER antagonist ICI 182,780 did not block genistein-induced NO release ( Table 1 ). The activity of ICI 182,780 used in this study was validated through blocking the cytoprotective effect of E2 in our recent study (40) . In addition, although genistein enhanced NO synthesis as expected, chronic exposure of EC to E2 (10 nmol/L) did not stimulate NO production in HAEC (Table 1) . These results suggest that the effect of genistein on NO production in EC is independent of the estrogensignaling mechanism.
To evaluate whether genistein enhances NO production through inhibition of protein tyrosine kinase (PTK), we compared the effect of genistein with that of daidzein, an analogue of genistein that is inactive for PTK inhibition, on NO production. Daidzein was as potent as genistein in stimulation of NO production (Table 1) . However, there was no additive effect between genistein and daidzein, suggesting that 2 molecules may act through the same mechanisms in stimulation of NO production.
Genistein enhances eNOS protein through upregulating mRNA transcription in HAEC. Genistein increased eNOS protein levels, with 1 mmol/L genistein inducing a significant effect, although the maximal effect of genistein on eNOS protein expression was achieved at 10 mmol/L concentration (1.5-fold of control) (Fig. 2A) . These results are consistent with the effect of genistein on NO production (Fig. 1A) , suggesting that the elevated NO production by genistein may be attributable to an increase in eNOS protein expression. To investigate whether genistein elevates eNOS protein level via a transcriptional mechanism, we first tested whether genistein had an effect on eNOS mRNA expression in HAEC by using quantitative real-time PCR. Exposure of HAEC to various concentrations of genistein for 5 d, the same duration used to study genistein-induced eNOS protein expression and NO production, increased eNOS mRNA levels to 2.6-fold of control at 10 mmol/L genistein (Fig. 2B) , consistent with its effect on eNOS protein expression and NO production. This result suggests that genistein may regulate eNOS expression at the transcriptional level. To confirm this, HAEC were transfected with a human eNOS promoter-driven reporter gene, followed by stimulation with genistein. Genistein significantly elevated human eNOS promoter activity to ;1.8-fold of control at 10 mmol/L (Fig. 2C) , consistent with its effect on eNOS expression and NO synthesis. However, E2 (10 nmol/L), which failed to enhance NO production, also had no effect on the eNOS promoter activity in HAEC (data not shown).
Genistein increases NO production, eNOS protein expression, and promoter activity in HUVEC. To determine whether genistein has a similar effect on another type of EC, we performed this study with HUVEC. The results demonstrated that genistein as low as 10 nmol/L induced NO production (Fig. 3A) and eNOS expression (Fig. 3B ) in HUVEC, with a maximal effect at 1-10 mmol/L genistein. We further transfected the eNOS promoterdriven luciferase gene constructs in HUVEC. Genistein stimulated the eNOS promoter activity with a maximal effect at 1-10 mmol/L in HUVEC (Fig. 3C) , confirming a transcriptional effect of genistein in HAEC.
In vivo effects of genistein. To confirm in vivo the importance of the genomic effects of genistein on eNOS, we tested whether dietary supplementation of genistein can improve eNOS expression and reduce blood pressure in SHR, a widely used hypertension animal model, given that the eNOS/NO signaling is critical for maintaining vascular tone. As expected, dietary supplementation of genistein significantly elevated plasma genistein levels. Under our experimental conditions, plasma genistein levels in rats fed 0, 0.2, 0.5, and 2.0 g/kg diet of genistein were 0, 1.20 6 0.03, 1.90 6 0.20, 5.05 6 0.49 mmol/L, respectively, which overlap the concentrations used in our in vitro studies and attainable plasma levels in humans (0.74-6.0 mmol/L) following consumption of soy products or isoflavones as dietary supplements (42, 43) . Genistein treatment significantly reduced both the elevated systolic and diastolic blood pressures in SHR ( Table 2) , whereas heart rate was not altered by dietary supplementation of genistein (data not shown). In addition, we found that dietary supplementation of genistein for 6 wk lowered blood pressure in adult SHR after the onset of hypertension. Impressively, this blood pressurelowering effect of genistein was still significant at 6 wk after genistein withdrawal from the diet (Fig. 4A) . Genistein had no effect on body weight and food intake throughout the experimental period (data no shown). Furthermore, we found that aortic wall thickness was significantly greater in SHR than in WKY (Fig. 4B) , confirming a previous study showing that the higher blood pressure is associated with the increased aortic wall thickness (44) . However, genistein administration significantly decreased aortic wall thickness in SHR (Fig. 4B) . Previous studies have reported that eNOS protein expression was significantly reduced in SHR, which led to hypertension in these animals (45, 46) . To examine whether genistein has an effect on eNOS in these animals, as a possible explanation of its blood pressurelowering effect, we measured the eNOS protein expression in aortic vessels by Western blotting. Our results showed that dietary intake of genistein restored eNOS protein content in the vasculature of SHR, with doses of 0.5-2.0 g/kg diet inducing eNOS expression similar to that in WKY (Fig. 4C) , suggesting that genistein administration likely reduces hypertension via a modulation of eNOS expression.
Discussion
Vascular EC, which not only serve as a biological barrier separating circulating blood and peripheral tissues but also secrete various vasoactive substances, play a pivotal role in maintaining normal vascular function. Therefore, a major goal of our study was to determine whether genistein has a direct effect on vascular EC and thereby provide the molecular mechanisms by which genistein exerts some beneficial effects on the vasculature. We have demonstrated that genistein, at physiologically achievable concentrations, activates eNOS transcription, leading to eNOS synthesis and NO production in human primary vascular EC. We further showed that this genistein effect on eNOS is present in vivo, confirming the biological relevance of the in vitro findings. Endothelium-derived NO is not only a potent vasodilator but also possesses antiinflammatory (47) , antiatherogenic (48) , antithrombotic (49) , and antiapoptotic (50) properties. Consistent with the key role of NO in vascular function, dietary administration of genistein lowered blood pressure in hypertensive rats. Recent studies reported that postmenopausal women taking genistein for 6 mo have increased plasma levels of nitrate and nitrite, the stable metabolites of NO, and enhanced flow-mediated vasodilation in the forearm (51) . Our finding that genistein directly targets EC to regulate eNOS is therefore important, because it may provide a molecular explanation for some vascular protective effects observed in animal and human studies (32, 51) . Genistein is considered as a specific ERb agonist because it binds to ERb with an affinity comparable to that of E2 but has a considerably lower affinity for ERa (52) . Studies showed that E2 may regulate the transcription of eNOS in an ER-dependent manner in these cells (53, 54) . However, our data indicate that genistein regulation of eNOS and NO was independent of ERs. First, the specific ER antagonist ICI 182,780 did not inhibit the effect of genistein on eNOS activation. Second, whereas E2 potentiated the effect of genistein on NO production, it had no effect on NO and eNOS promoter activity in HAEC. Third, daidzein, an analogue of genistein that is essentially lacking affinity for ERs (52) , also induced an increased NO production similar to that caused by genistein in HAEC. Thus, the transcriptional effect of genistein on eNOS is independent of this classical estrogen-signaling mechanism. In line with our finding, a recent study showed that the effect of genistein on eNOS promoter activity is not mediated through ERs in transformed vascular cells (34) . In addition, accumulating evidence indicates that genistein exerts various vascular effects that are ER independent (31, 55) . Whereas both ERs are present in vascular EC, the role for ERb in vascular function remains to be investigated. Some studies indicated that the effect of E2 on NO is mediated through ERa but not ERb (56), providing a possible explanation for an ER-independent effect of genistein on NO, given that genistein has only ;4% affinity to ERa compared with E2 (52) . Recently, an estrogen-related receptor a1, a member of the steroid/thyroid hormone receptor superfamily expressed in EC, was reported to upregulate eNOS promoter and protein expression in EC that was not related to ER (57) . Interestingly, this estrogen-related receptor a1-mediated eNOS expression pattern is similar to that observed in genistein-treated EC. It is therefore compelling to investigate whether genistein regulates eNOS through this estrogen-related signaling pathway.
Previous studies established that phosphoinositol-3-kinase/ Akt and ERK-mitogen-activated protein kinases-mediated pathways are 2 important signaling cascades mediating eNOS activation by many stimuli in vascular EC (58, 59) . However, activation of these signaling pathways only leads to acute eNOS activation without an increase in protein expression, suggesting that genisteininduced eNOS expression is unlikely related to phosphoinositol-3-kinase/Akt or ERK/ ERK/mitogen-activated protein kinase activity. Indeed, pharmacological inhibition of these pathways had no effect on genistein-stimulated eNOS and NO (data not shown). Cyclic AMP responsive element (CRE) sites are present within neuronal NOS, which regulate neuronal NOS gene expression through binding with CRE-binding protein (60) . A recent study reported that eNOS also contains CRE sites through which the cAMP signaling regulates eNOS transcription (61) . We recently found that genistein directly activates the cAMP signaling system and regulates CRE-mediated gene expression in primary vascular EC (31) . Our unpublished results showed that genistein dose dependently increased CRE-binding protein phosphorylation in HAEC, which is required to activate transcription of target genes, and this effect was abolished by H89, an inhibitor of protein kinase A. Thus, it is conceivable that genistein may, at least in part, upregulate eNOS expression via activation of cAMP signaling, which is an ongoing area of investigation in this laboratory.
We have shown that dietary administration of genistein reduced the thickness of the wall of the aorta and improved arterial blood pressure in SHR, a widely used animal model for the study of human hypertension, because these rats spontaneously develop the metabolic features similar to the pathogenesis of human hypertension (62) . Our study also showed that genistein had no effect on heart rate, food intake, and body weight, suggesting that the beneficial effect on blood pressure is not due to alteration of these parameters. Our further animal studies demonstrated that genistein also can improve blood pressure in adult SHR with well-developed hypertension, suggesting a possibly therapeutic potential of genistein for hypertension. Remarkably, after 6 wk of genistein withdrawal, the blood pressure in genistein-fed SHR was still significantly lower than that in control SHR. Previous studies demonstrated that eNOS expression is reduced in SHR compared with that of normal rats (45, 63) , which was further confirmed in this study. However, dietary supplementation of genistein restored eNOS levels in aortic vessels isolated from these rats, suggesting that the reduced eNOS expression contributes to the increased blood pressure in SHR, given the important role of eNOS in regulating vascular homeostasis. These outcomes are consistent with previous studies showing that genistein increases eNOS in rat aorta, liver (32) , and heart (64). Although it is presently unknown how genistein affects in vivo eNOS expression, the evidence from our in vitro study suggests that genistein may induce eNOS protein expression by directly targeting the vascular wall.
Progressive arterial hypertrophy is an important component of vasculature adaptation to the elevated arterial pressure. In this study, we found that the thickness of arterial wall is significantly greater in SHR than in WKY, consistent with previous observations (44) . However, genistein administration significantly decreased aortic wall thickness in SHR. Recent studies showed that genistein inhibits the proliferation of vascular smooth muscle cells (VSMC) isolated from SHR, suggesting that genistein may have a direct effect on VSMC in vessel wall, although this effect was obtained only at pharmacological doses of genistein (65) . It has been established that eNOS-derived NO inhibits VSMC cell growth (66) and our in vitro and in vivo data indicated that genistein has a direct genomic effect on eNOS expression, it is therefore intriguing to speculate that a secondary action whereby genistein enhances eNOS may contribute to the overall inhibitory effect of genistein on VSMC growth and thereby improves blood pressure. This aspect, however, needs further investigation.
In summary, this study demonstrates for the first time, to our knowledge, that genistein can enhance eNOS gene transcription and protein synthesis in primary human vascular EC, leading to NO production. Dietary genistein administration stimulated eNOS expression, improved vessel wall thickening, and alleviated hypertension in SHR, confirming the biological relevance of the in vitro findings. These findings potentially provide a basic mechanism underlying the physiological effects of genistein in the vasculature.
